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Abstract A\ homologous series of S.cholesteryl alkanethiontes wasx prepared
by reaction of 38ancreaptocholest-d.ene with the pndazolides of alkanoie
neuls, The mesomorphie properties of 20 members, S-cholestervl thioformate
through eawcosanctinoate were determimed. Al alkanethiontes are monotropie
chiolesterie exeept the cfolesteryl thioformate.  Cholesteryl thioheptanonte
and all ligher homologues m tis serses also exinbit. a monotropic smeetice
guesophitse. A comparison wath the corresponding cholestery] alkanoates
~hovs that the repliecment of the ester group by the thiol ester gronp leads
to an merease n both the smectie-cholestene and the cholesterie-sotropie

AD754466

transition temperatimes,

In carlicr communications, we deseribed the mesomorphic hehavior
of 38-steryl alkyl carbonates-2 and thiocarbonates® 4 and estab-
lished that the thiocarbonate group gives an increase in transition
temperatures and a deerease in transition heats® as compared with
the carbonate group. We also reported brietly that similar relations
were found between the exter and the thiol ester group*®' This paper
ix concerned with a homologous series of S-cholesteryl alkanethioates
and their mesomorphic behavior,

Cholestervl alkanoates generally are obtained by esterification of
cholesterol with free fatty acids<.*?" acild anhydrides.™ or acid
chlovides>*"  These established methods usually  give poor to
moderate viclds and often present considerable difficulties in the
puritication of the cholesteryl esters by reervstallization. Two other
reactions have recently been reported. A transesteritication pro-
cedure, followed by chromatographic purification, gives cholestery|
esters in cood vield and ahigh state of purity, buat is useful only for
cholesteryl esters of higher tatty acid<'"" The other method is the
transacevhtion of imidazolides " The reaction of earboxylie acids
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280 MOLECULAR CRYSTALS AND LIQUID CRYSTALS

with 1.1%-carbonyldiimidazole combined with aleoholysis leads to
esters under particularly mild reaction conditions. 2" The latter was
suiecessfully used in the preparation of cholestervl esters of hydroxy,
keto, and epoxy fatty acids'™ and also gave excellent vields in the
preparation of cholestervl alkanoates™ and other 38-steryl esters, 1!
Because of the mild reaction conditions. this method was chosen to
synthesize the fatty acid esters of 38-mercaptocholest-3-ene.

The use of 1.1"-carbonyldiimidazole in the synthesis of S-choles-
tervl alkanethioates (2) from  38-mereaptocholest-5-ene (1) and
alkanoic acids in absolute benzene gave excellent vields for the lower
members. but generally somewhat lower vields for the higher
members (Table 1), The use of a solvent of higher polarity did not
<ubstantially inerease the vield for the higher members,

The abnormally low yield of S-cholesteryt thioformate is explained
by the fact that I-formylimidazole decomposes almost quantitatively
into carbon monoxide and imidazole above its melting point /1%
coneurrent reaction to the formation of the thioformate.  No attempt
wits made to inerease the vield by eatalysis with sodium ethoxide or
imidazolvisodium 1714

Oaly two contaminants. unreacted 38-mercaptocholest-5-ene and
dicholesteryl disultide 12" were found in the reaction products of this

transaeylation. Both were identified by thin-layer chromatography

('Table 2) and could be removed by column chromatographic puri-
tication.  38-Mercaptocholest-g-cne as a thiol oxidizes™ easily, and
therefore trees of dicholesteryl disultide are always found in
commercial thiocholesterol.  However. after reervstallization from
ethyl acetate, it showed the reported physical constants/12020 gy
wits itlso free of cholesterol (Table 2).

The transition curves of the homologous series of S-cholestery]
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282 MOLECULAR CRYSTALS AND LIQUID CRYSTALS

Tanre 2 Hp-values on Sihean Gel (Merek),
Precoated Plates

Nolvent : Renzene-hexane 15:85 (v/v)

cholisterol ' 0,08
32-tmereaptowcholest reene 0.62
dheholestery] disulfide 0.4
N.chiolesteryy thionestate .21
S.cholesteryt octanethioate 0.40
S.cholesteryt teteadeanethioate 0.45
S.cholestervt cicosanethionte .4%

alkanethioates are shown in Fig. 1. Monotropic smeetic mesophases
are exhibited by S-cholesteryl heptanethioate and &'t higher members
of the series.  Mouotropic cholesterie mesophases are found in all
members exeept the thioformate,  Cholesterie colors are exhibited
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only by S-cholestervl pentanethioate, hexanethioate, heptancethioate.
and octanethioate: the cicosanethioate shows = ervstal colors 7%
i regions of intense colors co-existing with ervstals over a wide
temperature range.,

Comparing these data with those of the corresponding cholesteryl
alkanoates'™ shows that replacing the ester group by the thiol ester
croup results in an inerease of hoth the smeetic-cholesterie and the
cholesterie-isotropie transition temperatures.  Inoaddition. it leads
to the existence of a smeetie mesophase in the S-cholesteryt heptane-
thioate and the octanethioate, not observed in the corresponding
cholestervl alkanoates,  The cholesteric-isotropic transition points
of the first half of the series show an odd-even effeet and thereafter a
steady decrease with chain length. The smeetie-cholesterie tran-
sition curve first increases and then deereases. This results in a
narrowing of the range of the cholesterie mesophase until an almaost
constant value is reached with the dodecanethioate. This hehavior
seems to be typical for homologous series exhibiting both smeetice and

cholesterie mesophases, 3.9

Experimental

Srarrise . Materians, Commercial  3g-mercaptocholest-5-cnef!
was used after two reervstallizations from ethyl acetac anp 97 975 .
and L -earbonyldiimidazole'2? was emploved as received.  The
alkanoie acids used had a minimum purity of 99 with the exception
of pentadecanoie acid which was only 98° pure.

PrerarationN or Materiaes, As a tvpical example, the preparation
of S-chalesteryl tetradeeanethioate is given.  Monitoring the reaction
by thin-layer chromatography revealed that after 2 hre an appreciable
amount of 38-merezptocholest-5-ene was still present. Therefore,
the esterification period was extended to 6 hre, whereafter no inercase
in vield was obtainable. Reaction times and molar ratios of reactants
were the seme. Al experiments were earried ont under nitrogen,
N Choresteryn Tergapeeasermonre. .\ solution of 2,28«
(.01 mol) of tetradecanoie acid in 1o ml of absolute henzene was
added to e stiveed slarey of 1,62 « (001 mol) of 11 -carbonyldiimid-
azole in 25 mlof absolte henzene, Mter about 20 min all material
wits dissolved and evolution of CO, had ceased, .03 ¢ (0,01 mol)
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of 38-mereaptocholest-5-ene was added and the mixture was refluxed.
After 6 hr the bulk of the benzene was distilled off. 100 ml of hexane
added. the precipitated imidazole filtered off. and the filtrate
chromatographed on a 45 - 350-mm column of siliea gel.'2%  Elntion
wias performed with benzene-hexane 15:85 (vov) and 100-ml fractions
were colleeted. Thin-layver  chromatography showed  the tetra-
decanethioate in fractions 12 190 - hich were combined and evapor-
atedd o drvness, The residue was ceervstallized twice from ethanol-
bntanone,  Yield: 3.8 ¢ (627,) of fine needles, mp 71 0 cp 89 .

The physieal properties of the prepared S-cholesteryl alkane-
thioates and their clemental analyses? are stiinmarized in Table 1,
The vields are expressed in analytically pure material. fe. after
column chromatozraphy and recevstallization, Transition points
were determined with a Mettler FP-T1 hot stage and are corrected.
Methods for identification of phases'® and measurements of heats of
transition have already been published by this lnboratory.
Perery. Ninee traces of dicholestery] disulfide do not interfere with
the reaction and are removed by column chromatographie purification
of the alkanethioates. commercial 38-mercaptocholest-5-ene'?? was
used throughout the experiments. To check for other contaminants
not reveiled by thin-laver chromatography under the conditions
emploved for the analysis of the alkancthioates, cholesterol was
puriticd by the bromination-debromination method of  Fieser,*®
Two-dimensional thin-laver chromatography did not reveal any
impurities.'*?"  38-Mercaptocholest-3-ene prepared from this pure
cholesterol with the intermediate isothiuronium tosylate isolated and
reerystallized' 2 was used to prepare S-cholesteryl hexanethioate and
heptancethioate. A comparison with the corresponding S-cholesteryl
alkanethioates prepared from commercial 38-mercaptocholest-i-ene
did not reveal any diserepaneies in the transition points of hoth pure
and mixed samples,

The purity of the alkanoie acids used was determined by gas-liquid
chromatography of their methyl esters'® on an EGSS-X phase 19
They were found to be 997 to 99.5° 2 pure. The only exeeption
was pentadecanoie acid with a purity of 9870 The identified
impurities were in most eases adjacent homologues, Unsaturated
fatty acids, if present at all, were less than 017,

Because of the known purity of the starting materials and the
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complete  removal  of  unreacted  38-mercaptocholest-d.ene  and
dicholesteryt disulfide by column chromatography on-silica gel, the
homologous series of S-cholesteryl alkanethioates can he considered
to have a minimum purity of 99°, with the possible exeeption of the
pentadecancthioate, which might be only 987, pure.

Mesomoremie Benavior.  The mesophases were determined by
optical means'™” and temperatures of phase transitions with a
microscopie hot stage (Mettler FP-U) and by differential seanning
cadorimetry (see data in Fig. 1), Sincee the transition heats in the
melt have already appeared in another context” only observations
in the capillary™ of compounds exhibiting cholesterie colors are listed.

N-CHOLESTERYL PENTANETHIOATE melts at 9192 andelears at 102,

On cooling. the visible speetrum is exhibited between 44 and 39 ¢
S-Conksterya HEXANETHIOANTE, melting at 95 96 and clearing at
105 . shows the colors of the visible speetrum at 42 35" on cooling:
N-CoLesTERYE HEFTANETHIOATE. with & melting and celearing point
of 107 108 _exhibits, on cooling, the visible spectrum at 74737

S-CHOLESTERY L OCTANETHIOATE melts and elears at 96 985 and

<hows colors at 73 .74 on cooling:

CRICHOLESTERY. EICOSANETHIOATE sinters at 54 . melts at 69, and

clearsat 78 . On cooling it hecomes eloudy at 777 with a violet color

T remain until the

appearing at 49 and these * erystal colors
sample has completely erystallized.

INerArED SPECTRALY? The ester carbony! frequencey of S-cholesteryl
alkanethioates, observed at 16701680 em !, is about 50 em ! lower
than that of cholestervl alkanoates™* and is in agreement with
reported  frequencies of  thiol esters.™ The band  progression
(CH-wavging vibrations), observed in cholestery] alkanoates!33.3%
in the region of 1350 1180 ¢m P cannot he observed in the alkane-
thivates. The C-Nstretehing frequency at 940 950 em s markedly
inereased over the values found in saturated sulfides (600 700
cm I).l:n.:m’
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